To evaluate a bedside clinical prediction rule for detecting moderate or severe aortic stenosis.
A ccurate detection of aortic stenosis is an important clinical goal for the general internist because aortic stenosis is a potentially curable disease, and a major risk factor for perioperative cardiac complications. 1 Aortic stenosis may be asymptomatic, or may cause nonspecific symptoms such as angina or dyspnea. Therefore the physical examination is an essential step in the identification of aortic stenosis.
Physical examination by cardiologists can accurately detect aortic stenosis and other significant valvular lesions. 2, 3 One study evaluated the accuracy of cardiologists using a bedside clinical prediction rule for detecting aortic stenosis in 86 patients undergoing cardiac catheterization for suspected aortic stenosis. 4 The prevalence of aortic stenosis in this study was remarkably high (73%), so the applicability of these results to a less selected population is unclear. Furthermore, the ability of noncardiologists to accurately detect valvular heart disease is uncertain. 5, 6 Our objective was to evaluate the accuracy of a clinical prediction rule, using simple bedside physical findings, for detecting moderate to severe aortic stenosis. We also evaluated the interobserver reliability of the various components of the prediction rule. We used general internal medicine staff and residents as examiners, and we enrolled a broad spectrum of patients referred for echocardiography.
METHODS

Setting
We conducted the study during September 1994 (reliability study) and from September to October 1995 (accuracy study) at the Toronto Hospital.
Population
We recruited consecutive hospital inpatients who had been referred for echocardiography by their treating physicians. The majority of referrals were from the general medical wards, which provide secondary-level generalist care, and the cardiology wards, which provide tertiary-and quaternary-level cardiology care. We excluded patients with any of the following characteristics: age less than 50 years, admitted to the coronary care or intensive care unit, unstable angina within 48 hours, myocardial infarction within 6 weeks, recovering from cardiothoracic surgery, previous valve replacement, severe dyspnea at rest, or unable to provide informed consent.
During the study periods, 803 inpatients had echocardiography and 162 were enrolled (124 patients enrolled for the accuracy study and 38 for the reliability study). Reasons for exclusion (number of patients) were as follows: already discharged from hospital (140), age less than 50 years (138), admitted to the coronary care or intensive care unit (123), recovering from cardiothoracic surgery (77), unable to provide informed consent (50), myocardial infarction within 6 weeks (45), and other exclusion criteria (68).
Main Measures
Using methodologic guidelines, 7 we develop standardized physical examination methods based on published literature, 4, 8, 9 textbooks, 10 and discussions with cardiologists (Table 1) . The examination included assessment of carotid artery volume and upstroke, second heart sound intensity, murmur intensity, location, and radiation. Study physicians reviewed and discussed the protocol for approximately 30 minutes, and tested the examination on 10 patients.
For the accuracy study, there were two study physicians: a third-year resident and a staff general internist. Each physician also obtained a focused clinical history from the patient prior to the physical examination.
For the reliability study, there were six study physicians, including a resident from each of the five postgraduate years (PGY1-PGY5) and a staff internist (the PGY5 resident had just started cardiology training at the time of the study). Each study participant was examined by at least two of the six study physicians. For the reliability study, study physicians did not obtain a clinical history.
All study physicians were unaware of the participants' diagnoses, echocardiographic data, and results of the examinations by other study physicians.
Outcomes
Echocardiograms were analyzed by echocardiographers unaware of the results of the study physician examinations. Moderate to severe aortic stenosis was defined as either a calculated aortic valve area of 1.2 cm 2 or less, or a peak instantaneous transvalvular gradient of 25 mm Hg or greater. 4 An independent echocardiographer reviewed a subset (20%) of echocardiograms, with perfect agreement regarding the presence of moderate or severe aortic stenosis.
Analysis
For the reliability data, we calculated generalized coefficients and 95% confidence intervals (CIs) using the method of Fleiss, 11 and we interpreted the results using the guidelines of Landis and Koch. 12 For the accuracy study, we calculated sensitivities, specificities, and likelihood ratios (LRs). We calculated LRs using ROC Analyzer Software, and 95% CIs using the maximum likelihood option. 13 We used previous studies 4, 9 and results of the reliability study to develop a clinical prediction rule for ruling in and ruling out aortic stenosis. We prospectively tested this prediction rule in the accuracy study. The examining physicians were not aware of the content of the clinical prediction rule. For the clinical prediction rule, we compared the accuracy of the resident and the staff internist findings with a logistic regression model for paired categorical data. 14 The first step in the clinical prediction rule is to determine whether a murmur is audible over the right clavicle. 8 We did not include a step for assessing the presence of any murmur (grade I or louder) because we found the reliability of this assessment was poor. If a murmur is not audible over the right clavicle, then aortic stenosis is ruled out. If a murmur is heard over the right clavicle, the next step is to seek four associated findings: reduced carotid artery volume; slow carotid artery upstroke; reduced second heart sound intensity; and murmur intensity in the second right intercostal space, parasternal area as loud as or louder than murmur intensity in the fifth left intercostal space, midclavicular line. In advance, we established that presence of zero, one, or two associated findings was indeterminate for diagnosing aortic stenosis, while the presence of three or four associated findings rule in aortic stenosis.
Sample Size
Our goal was to ensure sufficiently narrow CIs for ruling out aortic stenosis. We estimated a prevalence of aortic stenosis of 10%, based on results of the reliability study. We assumed that a negative LR of 0.25 would be clinically useful, and that the upper 95% confidence limit should exclude 0.7, yielding a required sample size of 104. 15 
Table 1. Excerpt from Physical Examination Protocol: Procedure for Murmur over Right Clavicle
Procedural criteria I. Use a Littman Cardiology or Littman Special II stethoscope. II. Place the diaphragm of the stethoscope on and just below the right clavicular head. III. Place as much of the diaphragm on the bone of the clavicle as possible. Do not allow the diaphragm to hang over the superior edge of the clavicle and lose contact with the skin. If the patient is very thin, it may be difficult to get a good seal between diaphragm and skin. In this case, try using the bell of the stethoscope, and press very firmly. IV. If no murmur is audible, then ask the patient to stop breathing. Hold your own breath at the same time. Listen for three cardiac cycles. Ask the patient to start breathing again. V. If you are still unsure whether a murmur is present, repeat step IV once.
Conversion criteria
If murmur is present, then MURMUR PRESENT OVER RIGHT CLAVICLE If no murmur is present, then MURMUR ABSENT OVER RIGHT CLAVICLE
Ethics
All patients provided written informed consent. The study protocol was approved by the executive of the Toronto Hospital Human Subjects Review Committee.
RESULTS
Accuracy Study
One participant was excluded after the study was completed because the echocardiographer was unable to adequately visualize the aortic valve. The decision to exclude the participant was made independent of the results of the study examinations.
Of the remaining 123 participants, 58% were male, median age was 68 years (interquartile range, 60-75 years), 53% had a history of angina, 63% had a history of congestive heart failure, and 56% had a history of myocardial infarction. Functional class (Canadian Cardiovascular Society) distribution was class I, 56%; II, 21%; III, 16%; and IV, 7%. Overall, 95% of patients had at least one cardinal symptom or sign of aortic stenosis (history of angina, history of congestive heart failure, or a systolic murmur); no patients had exertional syncope. Echocardiographic findings are listed in Table 2 .
Physical examination data collection was 92% complete. The general internist assessed 114 participants, and the third-year resident assessed 112; all participants were assessed by at least one examiner. The two major reasons for incomplete examinations were discharge of the patient from the hospital and unavailability of the study physician.
The accuracies of selected historical and physical findings are listed in Table 3 . The findings with the lowest negative LRs ("rule-out" findings) were absence of murmur (negative LR 0.0 for both examiners) and absence of murmur radiating to the right clavicle (negative LR 0.10-0.12). The findings with the highest positive LRs ("rule-in" findings) were slow upstroke of the carotid artery (positive LR 9.2-∞ ) and murmur radiating to the right carotid artery (positive LR 7.5-8.1). A history of angina or congestive heart failure had no value for ruling in or ruling out aortic stenosis.
Prediction Rule
According to the general internist's examinations (Figure 1) , absence of a murmur over the right clavicle effectively ruled out aortic stenosis (LR 0.10; 95% CI 0.02, 0.44; probability of aortic stenosis 1/69 [1.4%]). The presence of zero to two associated findings had an LR of 1.8 (95% CI 0.93, 2.9; probability of aortic stenosis 8/38 [21%]). The presence of three or four associated findings effectively ruled in aortic stenosis (LR 40; 95% CI 6.6, 240; probability of aortic stenosis 6/7 [86%]). Corresponding LRs (and 95% CIs) for the third-year resident were as follows: murmur over right clavicle, 0.12 (0.02, 0.53); zero to two associated findings, 1.8 (1.1, 2.6); and three or four associated findings, ϱ (4.0, ϱ ). There was no difference in the accuracy results between the resident and the staff internist ( 2p ϭ 0.16).
Both examiners failed to detect a murmur over the right clavicle in a 90-year-old patient with a peak aortic gradient of 19 mm Hg, a calculated aortic valve area of 0.8 cm 2 , and a grade III left ventricle. The patient was admitted with New York Heart Association class IV dyspnea and pulmonary edema on the chest radiograph.
Reliability Study
Of the 38 participants, 55% were male, median age was 69.5 years, and major valvular lesions on echocardiography were found in 29%. The major valvular lesions were moderate or severe aortic stenosis in 3 patients, moderately severe to severe mitral regurgitation in 5, severe tricuspid regurgitation in 2, and severe aortic insufficiency in 1. Data collection was 88% complete because not all study physicians could examine each participant before hospital discharge.
The generalized coefficients are listed in Table 4 . The most reliable findings were reduced intensity of the second heart sound ( ϭ 0.54) and presence of a loud (grade II) murmur in the second right intercostal space ( ϭ 0.45). The least reliable finding was the presence of any systolic murmur, grade I or louder ( ϭ 0.19).
DISCUSSION
We found that a prospectively evaluated bedside clinical prediction rule accurately ruled in and ruled out moderate or severe aortic stenosis, and that individual findings for the prediction rule could be elicited with fair to moderate reliability by general medical staff and residents. Our accuracy results compare favorably with those of studies using cardiologist examiners. Our prediction rule was derived from a study that used senior cardiology trainees as examiners, in which the presence of four associated findings had an LR of 8.0. 4 In this study the corresponding LR was 40 to ϱ .
Our reliability results also compare favorably with those of studies using cardiologist examiners. We observed moderate reliability for assessing second heart sound intensity and presence of a grade II murmur. In previous studies, the reliability of cardiologist examiners regarding the presence of a grade II murmur was fair, 16 while the reliability of assessing second heart sound intensity was poor. 17 We believe that our explicit criteria for conducting the examinations improved their reliability.
Our study had several methodologic strengths. 18 First, the physical examinations were independent of the echocardiographic assessments. Second, the population included an appropriate spectrum of patients with cardinal symptoms or signs of aortic stenosis, as well as patients with potentially confusing clinical conditions such as aortic sclerosis, mitral regurgitation, or tricuspid regurgitation. Finally, we prospectively studied consecutive participants with 88% to 92% complete data collection. One potential limitation in the accuracy study was that study physicians obtained a focused cardiac history prior to the physical examination. We doubt that knowledge of the patients' symptoms significantly influenced the examinations, because patients had nonspecific clinical histories (e.g., angina or congestive heart failure), which were not useful for predicting aortic stenosis.
There are some potential limitations to generalizing our results. First, the study population consisted of medical and cardiology inpatients, most of whom had cardiac symptoms, so the 17% prevalence of aortic stenosis is higher than would be expected in an unselected elderly population. In previous studies the prevalence of moderate or severe aortic stenosis was 5% in an unselected elderly population, 19 and 6% to 20% in selected elderly populations. 9, 20, 21 We suspect that the prediction rule would be at least as accurate in a less selected population, because there would be a greater number of obviously normal patients, so the specificity of the prediction rule would improve. 18 However, the prevalence (pretest probability) of aortic stenosis would be lower in a less selected population, so clinicians could expect lower posttest probabilities when using the prediction rule.
A second limitation relates to the generalizability of our results to other physicians. Our study physicians were motivated volunteers who used a standardized physical examination. Examinations may be less reliable and accurate if conducted by less motivated clinicians conducting unstandardized examinations. However, our protocol was easily learned in the time it would take to conduct one bedside teaching session (30 minutes), and we have shown that the individual findings can be elicited with fair to moderate reliability, and that the prediction rule can be used accurately by an internist and a medical resident. (The complete protocol is available on request from the corresponding author.)
A third limitation is the study sample size, which was intended to provide a reasonably narrow confidence interval for the negative LR, to rule out aortic stenosis. By contrast, the confidence interval for the positive LR, to rule in aortic stenosis is very wide, so we are less certain of the ability of the prediction rule to rule in aortic stenosis. This lack of certainty is of less clinical importance because we expect that clinicians would routinely order confirmatory echocardiography when the physical examinations rules in aortic stenosis, so the potential adverse consequences of a false-positive examination are minimal.
A final limitation is that we did not study rarer clinical findings such as exertional syncope, 22 apical carotid delay, 23 or peaking of murmur intensity in mild to late systole. 9 Clinicians should search for these rarer findings because their presence should prompt further investigation for aortic stenosis. We also did not study the role of other physical findings that may indicate an alternative valvular diagnosis, such as the effect of quiet inspiration, squatting to standing, or the Valsalva maneuver. 24, 25 Finally, we did not examine the contribution of the chest radiograph or the electrocardiogram. 4, 26 Future studies could examine the contribution of these variables to the assessment of patients with indeterminate physical examinations.
In summary, we found that a prospectively evaluated bedside clinical prediction rule accurately ruled in and ruled out moderate or severe aortic stenosis, and that individual findings for the prediction rule could be elicited with fair to moderate reliability by general medical staff and residents. The absence of murmur radiation to the right clavicle effectively ruled out aortic stenosis, whereas the presence of three or four associated findings, slow carotid artery upstroke, reduced carotid artery volume, maximal murmur intensity at the second right intercostal space, and reduced or absent second heart sound, effectively ruled in aortic stenosis.
